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NOTE:
This is a condensed volume of the Hillsdale Embankment Criteria Report.
Plates containing record control laboratory test results and instrumentation
dats have been removed to make the report less voluminous. Summaries of
laboratory tests and typical instrumentation data are provided in this
volume. The following plates are not included in this volume, but can be
obtained upon request from the Kansas City District.
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0-15-913
0-15-914
0-15-915
0-15-916
0-15-917
0-15-918
0-15=919
0-15-920
0-15-921

0-15-922
0~15-923
0-15-924
0-15-925
0~15-926
0-15-927

0-15-928
0-15-929
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DRAWINGS —-- con.
Rlate No. Iitle
201 Air Cell Piezometer P-75-1
202 Air Cell Plezometer P=T75-2
203 Air Cell Piezometer P-78-1
204 Air Cell Piezometer P-80-1
205 Open Tube Piezometer P-82-1
206 Open Tube Piezometer P-82-2
207 Open Tube Piezometer P-83-2
208 Open Tube Piezometer P-84-1
209 Open Tube Piezometer P-85-1
210 Open Tube Piezometer P-86-1
211 Open Tube Piezometer P-87-1
212 Open Tube Piezometer P-87-2
213 Open Tube Piezometer P-87-3
214 Open Tube Pilezometer P-90-1
215 Open Tube Piezometer P-91-1
216 Alr Cell Piezometer P-gli-1
217 Air Cell Piezomster P-9li-2A
218 Air Cell Piezometer P~-9i-3
219 Air Cell Piezometer P-9l-l
220 Alr Cell Piezometer P-gii-5
221 Open Tube Piezometer P-94-6
222 Open Tube Piezometer P-9H8-T
23 Open Tube Piezometer P-94-8
224 Open Tube Piezometer P-9%-¢
225 Open Tube Piezometer P-94-10
226 Open Tube Piezometer P-94-11
227 Open Tube Plezometer P-94-12
228 Open Tube Piezometer P-94-13
229 Open Tube Piezometer P-9i-14A
230 Open Tube Piezometer P-94-15
231 Open Tube Piezometer P-94-16
232 Open Tube Piezometer P-94-17
233 Open Tube Piezometer P-94-18
234 Open Tube Piezometer P-94-19
235 Jpen Tube Piezometer P-94-20
236 Open Tube Piezometer P-95~1
237 Open Tube Piezometer P-99-2
238 Open Tube Piezometer P-101-1
239 Open Tube Piezometer P-101-2
28 Air Cell Piezometer P-108-1A
281 Air Cell Piezometer P-104-2
282 Alr Cell Piezometer P-10A-3
243 Air Cell Piezometer P-104-4
288 Open Tube Piezometer P-104-5
245 Open Tube Piezometer P-104-6
246 Open Tube Pigzometer P-104-7
687 Open Tube Pigzometer P-104-8
xi
N j. - N —

Elle No.

0-15-930
0~15-931
0-15-932
0-15+933
0-15-934
0-15-935
0-15-936
0-15-937
0-15-938
0-15-939
0=15-940
0-15-941
0-15-942
0-15-943
0~15-~981
0-15-945
0=15-946
0-15-947
0-15-948
0-15-949
0-15-950
0-15-951
0-15-952
0-15-953
0-15-954
0-15-955
0-15-956
0=15-95T
0-15-958
0-15-959
0-15-960
0-15-961
0-15-962
0-15-963
0-15~964
0-15-965
0-15-967
0-15-968
0-15-969
0-15-970
0-15-971
0-15-972
0-15-973
0-15-974
0-15-975
0-15-976
0-15-977
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Rlata No. Iitle File No.
248 Open Tube Piezometer P-104-9 0-15-978
249 Open Tube Pilezometer P-104-10 0-15-979
250 Open Tube Piezometer F-104~11 0-15-980
251 Open Tuhe Piezometer P-104-12 0-15-981
252 Open Tube Piezometer P-104-13 0-15-982
253 Open Tube Piezometer P-104-14 0-15-983
254 Open Tube Piezometer P-105-1 0-15-984
255 Open Tube Piezometer P-108-2 0~15-986
256 Air Cell Piezometer P-113-1 0-15~-987
257 Open Tube Piezometer P-113-2 0-15-988
258 Open Tube Piezometer P-113-3 0-15-989
259 Open Tube Piezometer P-120-1 0-15-990
260 Open Tube Piezometer P-120-2 0~15-996
261 Inclinometer I-72-1 0-15-1044
262 Inclinometer 1-72-2 0-15-1045
263 Inclinometer 1-82-1 0~15-1046
264 Inclinometer 1-82-2 0-15-1047
265 Inclinometer I-90-1 0-15-1048
266 Inclinometer 1-90~2 0~15-1049 P
267 Inclinometer 1I-91~1 0~15-1050
268 Inclinometer I-99~2 0-15=1052
269 Inclinometer I~-108-2 0~-15-1054
270 Inclinmmeter I-113-1 0-15=1055
21 Inclincmeter I=114=1 0-15-1056
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OPERATION AND MAINTENANCE MANUAL
HILLSDALE LAKE
BIG BULL CREEX, KANSAS

APPENDIX V
CHAPTER 1
INTRODUCTION

1-01. Purpogse and Soope of Report, The purpose of this report is to
provide in one volume the significant information needed by engineers to
familiarize themselves with Hillsdale Lake, reevaluate the embankment in the
event unsatisfactory performance ococurs, and provide guidance for designing
comparable earth dams. The scope of this report provides a summry record of
significant design data, design assumptions, specification requirements,
construction equipment, construction procedures, construction experience,
field control and record control test data, and embankment performance as
monitored by instrumentation during construcotion and during initial lake
filling.

1=02, Project Purpose. The project purposes include flood control,
water supply, water quality control, and recreation, including fish and
wildlife enhancement, The percentages of benefits assigned to the authoriszed
purpose are 24 percent for flood control, 48 percent for water supply, 20
percent for water quality control and 8 percent for recreation., The average
benefits, at 1977 price levels, attributable to the Hillsdale Lake over &
100-year period total $2,962,000.

1-03. Project Authorization., The Hilladale Lake was authorized as a
flood control project by the Flood Control Act of 1954 (Public Law 83-780)
which states in part:

*"The comprehensive plan for the Missouri River Basin, approved by the
Act of June 28, 1938, and as amended and supplemented, is heredy
further modified to include the project for flood protection on the
Osage River and tributaries, Missouri and Kansss, substantially in
acoordance with the recommendations of the Chief of Engineers, in
House Document Numbered 549, Bighty-first Congress.®

House Document No. 549, 818t Congreas states in part:

*"The Osage River Basin plan consists of a nine-reservoir systea
(Hilladale included) to be operated as a multiple-purpose project with
the primary purpose of flood control. . . . the nine-reservoir systea
would control a drainage area of 11,500 square miles or 75 percent of
the total area of the basin, The system will provide a very high
degres of protection from flooding on the Osage River; reduce flood
heights on the Missouri and Mississippi Rivers; provide storage for
inoreasing low-water flows for the improvement of water supply,
abatement of pollution, and improvement of navigation; and facilities
for the production of hydroeleotric power."
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CHAPTER 2
PROJECT DESCRIPTION

2-01. Project Location. The Hillsdale Dam is located on the Big Bull
Creek, Kansas, approximately 2 1/2 miles west of U.S., Highway No. 169 and 5
miles northwest of Paola, Kansas. The dam is located {n Miami County with the
lake extending north into Johnson County. Location and vicinity maps are
shown on plate 1. Major thoroughfares and projeot access is shown on plate 2.
A general plan of the damsite is shown on plate 3.
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2-03. lake Desgription. Based on the multipurpose pool elevation of 917
feet above mean sea level, Hillsdale Lake has 51 miles of shoreline, a mean
depth of 27 feet, a mean breadth of approximstely 1 mile, and a length of
approximtely 6 miles. The major topographic feature of the region is the
Bull Creek Valley which is joined from the northeast by the Little Bull Creek
Valley. Mature to submature dissection of the plain has resulted in a
topography characterized by gently rolling uplands and comparatively broad
valleys., Maximum relief in the area is approximately 180 feet. Valley slopes
are somevhat steeper along Big Bull Creek than along Little Bull Creek. The
steeper slopes and valley walls are mainly brush and timber oovered,

2-08. Dam Desoriptiop. The dam is a zoned, ocompacted earthfill embank-
ment with a crest length of 11,680 feet which includes a 2,590 foot dike
section on the upper right abutment. Creat width of the embankment is 30 feet
with the dike section having a crest wn‘lth of 15 feet. The embankwent has a
central impervious core across the valley with random and berm zomes both
upstream and downstream. The impervious core ia tied to bedrock with a cutoff
trench across the valley. The embankment includes an inclined pervious drain
to intercept through seepage. The inclined pervious zons drains to pervious
stringers extending to the downstream toe in the valley and to continuous
pervious blankets extending to the toe on the abutments. The saximum height
above streambed is 100 feet, while the height above flood plain is
approximmtely 75 feet. The elevation of the top of dam is 952.2 which
provides 4.2 feet of freeboard above the spillway design flood. The upper
right abutment embankment (dike section) is not zoned. It consists of
compacted impervious material from the spillway excavation., The lower right
abutment embankment includes the Big Bull Creek where closure was made. The
various embankment sections include the upper right abutment, lower right
abutment, main valley reach, Little Bull Creek area, outlet works, and the
left abutment. Details of the various sections are shown in the typical
embanikment sections on plates 13 and 14. The outlet works is not
perpendicular to the dam axis therefore the conduit section and transitions
are at different locations upstream and downstresm. The outlet works section
consists entirely of imperviocus material with the exception of the pervious
backrill surrounding the conduit downstream of the dam axis. The upstream
slope protection is designed to provide slope protection at the more frequent
pool elevation and on the steep slopes near the embankment crest. Rock
protection from the toe extending as high as Elevation 905.2 oconsists of
limestone and shale obtained from required excavation. Riprap and bedding
provides protection to Elevation 921.0 with a grass covered 1 on 3 slope
transitioning to a 1 on 10 slope between Elevation 921.0 and 942.2. Rock
protection consisting of 21 inch riprap provides slope protection from
Elevation 942.2 to the crest of the dam.

2-05. Spillway, The apillway is located on the right abutment of the
dan. The spillway is a limited service, uncontrolled, flat crested notch
type. It is 50 feet wide and level throughout its 14,950 feet of length. It
has a orest elevation of 935.0 feet, m.s.1l., and 1 on 3 excavated side slopes.

2-06. QOutlet Works., The outlet works is looated near the toe of the
left abutment and consista of an appromch channel, intake tower and service
bridge, cut-sand-cover conduit, stilling basin, and outlet chanmel. The
approach channel is approximately 1,750 feet long with an excavated bottom
width of 30 feet and 1 on 2.5 side slopes. The approach channel originates at
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the confluence of the Scott Branch and Big Bull Creek and intersects Little
Bull Creek prior to conmscting with the approach walls and intake structure.

A combinstion wet well-dry well intake tower consists of a combination trash
fender and trashrack structure, streamlined inlet, gate passageways, &
transition from the gate passagewsy to the conduit, a multilevel low flow
intake within the trashrack structure, two wet wells with a single cable-hoist
operated emergency gate, a dry well with two hydraulically operated service
gates, an operating floar, a service deck, and an entrance house. Access to
the struoture is provided by a service bridge fros the embanikment to the
intake structure, The 11.67- by 15.92-foot oblong conduit is looated in open-
cut excavation and is covered with impervious materfal, upstream and pervious
downstream of the dam axis, The total length of the conduit and intake
structure, portal to portal, is approximately 802 feet long. The stilling
basin and dowastream transition structure provides for energy dissipation by a
conventiomal hydraulic jump to prevent serious erosion of the downstream
channel, In cross section, the stilling basin is a U-wall type structure.
Barffles and an end sill are built into the stilling basin floar slab. Walkway
platforms are provided at the top of the stilling basin walls for observation
and fishing. Ramps constructed along the riprap adjacent to the outlet
provide rishermen access to the outlet channel.

2~07. Reservoir Operatjons, Hillsdale Lake is ope unit in a systea of
multiple~purpose projects which comprise a comprehensive plan for flood
control and water resource development in the Missouri River basin and its
Osage River tributary basin, Flood control storage in Hillsdale Lake acts in
conjunction with the other flood starage projects in the Osage River basin to
reduce flooding on the Marais des Cygnes, Osage and Lower Miasouri River,
Hillsdale Lake will have storage for sediment, low-flow supplementation, water
supply, and flood oontrol. Sediment storage will provide 11,000 acre-feet of
sediment allocation for a 100-year design period. The 68,000 acre-feet
aultipurpose pool allocation will furnish s water supply withdrawal of 32
ocubic feet per sescond on a 2 perceant chance dependability and low flow
supplementation of 13 cubic feet per ssoond based on a 10 percent chance.
Results of a histariocal period of reoord reservoir operation are shown on
plate 18, as a Lake Stage Frequency Curve for Hillsdale Lake,
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CHAPTER 3
GEOLOGY

3-01. Phyaiography, Hillsdale Lake is located in the northeastern part
of the Osage Flains section of the Central Lowlands physiographic province.
This section is characterized by a series of plains separated by eastward
facing escarpments formed by differential erosion of Pennsylvanian limestone
and shale strata which dip gently westwvard. Big Bull Creek and Little Bull
Creek rise in the southwestern corner of Johnson County near the town of
Gardner, Kansas, The two streams merge about 1,000 feet downstream of the dan
axis and flow in incised channels with a moderate amount of meandering. At
the damsite the flood plain is about 3,000 feet wide. Isolated terrace
deposits of Wisconsinan age ocour in Big Bull Creek valley upstrear and
downstream of the dam axis. The valley slopes are mantled primarily with
residual soils and some colluvial material (lean and fat clays) ranging in
thickness from 0 to 20 feet.

3-02. Desagription of Overburden. The description of the overburden is

based on observations made during the excavation of the cutoff trench.

a. Yalley Alluvium, The valley alluvium consists of up to 30 feet of
Pleistooene and recent deposits of lean and fat clays with clayey sand several
feet thiock at the base. Valley alluvium across the valley, except where the
Drum limestons was eroded away in the Big Bull Creek channmel ( Station 80+10 to
82430. Lean and fat clay deposits vary from 25 to 30 feet thiock. The
Pleistooene and recent deposits contain very few sand and gravel deposits, A
3-foot thick sand and gravel deposit with a minor amount of water exists
between Station 80+00 and 82+20 on the upstream side of the trench, A small
deposit of sand and gravel ome foot thiock exists between Stations 104+00 and
105400, These sand and gravel deposits correspond to the creek crosaings.

b. Ipland Overburden. On the right abutment, overburden ranges in
thickness from 6 to 20 feet and consists largely of residual fat clay derived
from westhering of the Lane shale formation. The maximum thickness acours
from Station 36400 to Station 46400, From Station 33400 to Station 75+00 the
Lane shale is absent and residual clays are resting directly on weathered
Iola limestons. From Station 75400 to Station 79+00 fat and lean clays are
resting on the Chanute shale, Bedrock between Station 75+00 to Station 78450
1s a moderately bard, friable, very fine grained, thin bedded, tan,
sandstons. The steep slope from Station 78+00 down to Big Bull Creek at
Station 79+00 is thinly mantled, There is less than 6 feet of fat clay and
many large sandstons slabs from the overlying Chanute shale, On the left
abutment overburden is comparatively thin. From Station 105400 to Station
112400 the overburden ranges from 6 to 12 feet thick over the Chanute shale.
From Station 112400 to Station 116400 the overburden was on the lola
limestone. From Station 116400 to Station 124400 the overburden is on the
Lane shale, From Station 112+00 to Station 124400 the overburden is composed
of lean and fat clays, Limestone fragments wers not common and no sand was
noted from Station 105400 to Station 128+00.
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3-03. Bedrock Stratigraphy., Bedrock units present at the damsite are of

the rennsylvanian System, Lansing, and Kansas City groups. They consist of
alternating beds of limestone and shale with occasional zones of sandstone and
siltstone. Unexposed similar sedimentary strata extend about 2,000 feet to
the Precambrian basement. The bedrock units are described, in descending
order, in the following paragraphs:

a. Lansing Group.
(1) Plattsburg Formation. These u:its were not encountered in

the excavations.

(a) Spring Hill limestone is 14 feet thick, moderately hard,
dense to finely crystalline with occasional pits. It is light gray and
massive to thin bedded with shaly partings.

(b) Hickory Creek shale is 0.5 foot thick, soft, platy,
calcareous and dark gray.

(¢) Merriam limestone is 2.5 feet thick, moderately hard,
dense to finely crystalline, oolitic, thin bedded, fossiliferous and light
gray.

(d) Bonner Springs shale is 19 feet thick, soft to very soft
and platy with calcareous partings. It is light to dark gray with a maroon
zope near the center. A moderately hard, very fine grained sandstone occurs
at the base.

(2) Myandotte Formation.

(a) Farley limestone, Island Creek shale (0.1 foot thick) and
Argentine limestone members total about 14 feet thick. They are moderately
hard, dense, thin-bedcad, with wavy shale partings and light gray to buff with
light blue mottling. These units were not encountered in the excavations.

(b) Lane shale member is about 100 feet thick, soft to
occasionally very soft, clayey to sandy, platy, gray to dark gray with
occasional carbonaceous partings and limestone nodules. The upper half
includes sandstone, moderately hard, fine grained, micaceous, occasionally
calcareous, thin bedded and gray.

(3) Iola Formation.

(a) Raytown limestone member is about 17 feet thick,
moderately hard, dense to finely crystalline, argillaceous, fossiliferous,
thin to medium, wavy bedded and 1ight bluish gray. The ledge contains two
thin shale beds.

(d) Muncie Creek shale member is 0.5 feet thick, soft,
clayey, calcareous, gray with occasional phosphate modules.

(¢) Paocla limestone member is 2.5 feet thick, moderately
hard, dense, fossiliferous, thick bedded and light gray.
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(4) Chanute Formation.

(a) Cbanute shale is approximately 30 feet thick, soft to
moderately hard, clayey to silty, Platy to massive, dark gray to green with
pinkish limestone nodules, Sandstone and siltstons beds are common in the
upper part, A soft shale underclay with numercus slickensides ocours beneath
a thin coal seam near the middle, The sandstone and siltstone are moderately
bhard, very fine grained, calcareous, thin bedded and gray to brown. The
siltstone is often interlaminated with shale,

(b) 1In the outlet works excavation several zones within the
Chanute shale formation have been recognized, They are described in
descending order, below.

Zone A is about 5 feet thick., It is shale, soft, platy to
fissile and dark gray with occasioml moderately hard siltstone beds.

Zope B is about 8 feet thick. It consists of siltstone and
sandstone, moderately hard, thin bedded to laminated, calcareous, light and
dark gray with a 3/4 inch thick coal seam at the base.

Zope C is about 5.5 feet thick, It is shale, soft, blocky and
dark gray with numerous slickensides,

Zone D is about 1,8 feet thick., It is soft, blooky, purple
shale with numercus slickensides,

Zone E is about 5 feet thick, It is siltstone, moderately
hard, thin to medium bedded, calcareous and greenish gray with limestone
lenses and nodules,

Zone F is about 3.5 feet thick., It is shale, soft, laminated
and gray. It contains numerous tight vertical joints.

(5) Drum Formation. Cement City limestone member is 4 feet thick,
moderately hard, dense to finely orystalline, thin to medium bedded,
fossiliferous, light gray with thin green wavy shale partings.

(6) Cherryvale Formation. The Quivira shale member is the only
unit encountered in the excavations,

(a) Quivira shale member is 12 feet thick, soft, clayey to
silty and dark gray. It contains siltstone and underclay and occasional very
soft partings and bands., A thin coal seam commonly occurs in the upper 4
feet, The lower portion is often interlaminated with moderately hard, light
gray siltstone,

(b) Westerville l1imestone member is 2.5 feet thick, moderately
hard, thin-bedded, argillaceous, brownish gray with green shaly partings and
zones of nodular limestone in a matrix of green shale,

(c) Wea shale member is 21 feet thick, soft to moderately

hard, clayey to silty, platy, occasiomally calcareous and contains siltstone
bands and partings. It is dark gray to green gray.
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(d) Block limetone member is 14 feet thick, moderately hard,
dence to very finely crystalline, thin wavy bedded, light brownish gray with
occasional 1light blue mottling and numerous dark grsy, soft shale partings.

(e) Fontana shale member is 14 feet thick, soft to moderately
hard, clayey to silty, platy, dark gray to green gray with occasional limetone
partings.

(f) Winterset limetons member is 20 feet thick, moderately
hard to hard, finely crystalline, argillaceous, cherty, thick bedded, and
light gray.

3-04. Bedrock Structure. The damsite is located on the Prairie Plains
homocline. The term is applied to strata that dip in one direction at a
uniform angle. The regional dip is 20 to 30 feet per mile to the northwest.
The regional dip, however, is not apparent at the damsite; instead, the local
strata dip slightly to the northeast at a rate of about 15 feet per mile. The
rock units are at a lower elevation on the left abutment than on the right.

3-05. Badrock Weathering. From Station 45+00 to Station 58+00 the
Raytouwn limestons in the cutoff trench was weathered with open joints and clay
pockets. The upper six to eight feet of the ledge was excavated down to a
shale parting near Elevation 910. From Station 69+00 to Station T72+00 the
Chanute shale was soft and weathered. The upper five feet were excavated to
expose a firm unweathered shale surface. From Station 75+00 to Station T8+50,
up to five feet of weathered Chanute shale was excavated. From Station 79450
to Station 106+30 a five foot thick ledge of weathered Drum limestone and
three feet of the underlying Quivira shale were excavated. From Station
106+30 to Station 114+15, the upper five feet of weathered Chanute shale was
excavated. A clay filled joint in the Raytown limestone was encountered on
the downstream wall of the cutoff trench at Station 114+34. From Station
114415 to Station 118+50 Raytown limestone forms the floor of the trench.
From Station 118450 to Station 121400 the upper two feet of weathered Lane
shale was excavated.

3-06. Leaching and/or Solution Activity. Several solution cavities were
encountered in the Paola limestone and Chanute shale on the walls of the
outlet works excavation.

3-07. Jeinting. Joints in the Raytown and Drum limestones on the floor
of the cutoff trench were tight and indistinct in the abutments and joints in
the Drum were open in the valley. The major joints strike north 45 degrees to
65 degrees east. The minor joints strike north 30 degrees west. The joints
were cleaned and filled with grout. During foundation grouting they tested
tight. A few joints were noted in the Raytown limestons on the floor of the
cutoff trench. A few joints were noted in the Drum limestons on the floor of
the ocutoff trench from Station 79+00 to Station T9+50. They were also tight.
Numerous joints were found in the Chanute shale in the stilling basin
foundation. The joints were vertical and open for a depth of about 7 inches.
One set strikes south 80 degrees east and the other set strikes north 25
degrees east.

3-08. Ground Water. Overburden and bedrock units at the damsite and in
the reservoir were sxpected to be poor aquifers. The excavations through. the
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fat clays of the outoff trench disclosed only two clayey, gravelly, sand areas
in the old chanmels of Big and Little Bull Creeks. Except for the initial
discharge when first disturbed, groundwater seepage was insignifiocant.
Oroundwater seepage in the outlst works excavation was also minimal. Pressure
testing indicated the underlying shales and limestons were relatively
impervious, Smmll yields had been reported in the Chanute shale in wells
outside the reservoir. Excavation of the Iola and Drus limestonss oconfirmed
that they were poor and aquifers. Jointing was well defined and slightly open
only in the outcrop areas. GCrouting confirmed the limestones and shales were
tight except for one smell area in the Chanute shale that acocepted most of the
grout injected. This area was a sandstone lense near the top of the Chanute
shale, Oocoasional open joints in this sandstone probably supply what little
well water is available in the area,
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CHAPTER 4
HISTORY OF PROJECT DESIGN

8-01. Investigations Prior to Project juthorization. Studies prior to
project authorization consist of reports prepared by the Corps of Engineers,
reports of other agencies, flood damage investigations, special field
investigations, and the report on the Osage River and Tributaries (Missouri
and Kansas), House Dooument No. 91, Seventy-third Congress and other informa-
tion used in the preparation of House Document No. 549, Eighty-first
Congress, which is the project document,

8-02. Igvestisations Subsequent to Authorization, Post authorization
studies included topographic surveys, subsurface explorations, and preliminary
ocontacts with governmental agencies and local groups having an interesat in the
project. Design studies leading to the following DMs were initiated.

TABLE 1
Hillsdale Design Memorandums
DM Number Title
1 Project Economics .
2 Hydrology
3 General
3 Appendix E -~ Recreation Resources
4 Preliminary Cost Allocation
5 Source of Construction Materials
6 Administrative Facilities
6 Supp 1, Administrative Facilities
7 Soil Data & Embankment Design
7 Supp A, Soil Data & Embankment Design
8 Qutlet Works and Spillway
9 Miami County Road Relocations
10 Access Roads
" Real Estate
1 Supp A, Miami Co. Rd. Relocations
12 Relocation of Power and Telephone
Lines
13 Master Plan
14 Petroleum & Pipelins Relocations
15 Interpretive Prospectus and
Exhibit Design Concept :
16 Lake Clearing -
17 0&M Water Supply
18 Initial Reservoir Filling Plan

Prelimimary embankment design quantities were evaluated for several sites to
be considered in the site selection procedure. A site selection conference
was held in February of 1969 with a summary of the data presented being
published in a report., Geologic investigating and soil testing to detersine
strength characteristiocs and moisture-density relationships of proposed borrow
mterial as well as the stress-strain and oonsolidation characteristios and
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strength parameters of the foundation materials proceed d while the General
Design Memorandum was being prepared. The additiomal fcundation information
resulted in a revised embankment. Details of the modified design are
presented in Design Memorandum No. 7, Soil Data and Embankment Design, March
1971. In response to review comments to DM 7 a Supplement presenting the
results of additional exploration and testing of the foundation shales was
prepared in December 1971. The outlet works eabankment design and the oconduit
location were revised in the supplement. Stage construction wis planned to
allow observation and analysis of the foundation conditions during excavation
of the cutoff trench. Advance plans and specifications for Stage I were
submitted October 1974. Advance plans and specificat.ons for Stage II were
submitted Pebruary 1976. Based on results of additional testing of the
Quivira shale and evaluation of the foundation conditions diring Stage I
construction, a revised embankment design was presented in Jjanuary 1978 in
Design Memorandum No. 7, Supplement A, Soil Data and Embankment Design. Stage
III plans and specifications were submitted April 1978.

4-03. Changes in Project Plan. The following changes have been made to
the projeot as planned in the General Design Memorandum.

a. Top of Dam. The top of dam has been changed from Eleva.ton 953.0
feet, m.s.l. to Elevation 952.2 feet, m.s.l. This change was the ra ilt of
modifying the practice of rounding up the top of dam elevation to an cven
foot.

b. Conduit. A 13.5 foot diameter single horseshoe conduit was
recommended in the General Design Memorandum, but conduit studies and comments
on similar projects indicated that an oblong conduit be used.

c. JIntake Tower., Changes in the intake tower design to conform with
the oblong conduit and other modifications are preseanted in Design Memorandum
No. 8, Outlet Works and Spillway.

d. Stilling basin. Hydraulic stilling basin model studies for Fort
Scott and Clinton Lakes were recently conducted at Waterways Expsriment
Station (WES). Based on these atudies, the Hillsdale stilling basin has been
modified to include the results of these studies.

e. Spillway control sill. The spillway control sill has been
deleted.

f. Project name, In accordance with EC 1130-2-75, dated 10 August
1970, the name "Hillsdale Reservoir®™ is changed to "Hillsdale Lake."

8. Embankment. Investigations subsequent to the GDM reveaied the
Quivira shale underclay with a lower shear strength than assumecd. This
resulted in an embankment design with flatter slopes to provide stability.
This redesign resulted in the embankment presented in DM No. 7, which proposed
oonstruction of the embankment, outlet works, spillway aud toe roads in one
ocontract. Limited teet data on the Chanute shale undecrclay resulted in
additional drilling and testing after submission of DM No. 7. The test
results indicated a lower residual strength. The revised strength required
the 1 on 6 slope in the conduit section to be changed to 1 on 8, The revised
embankment required moving the tover upstream, however, borings indicated the
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adequacy of the bedrock would become marginal. This regquired a change in the
conduit location. The location was changed from being perpendicular to the
dam axis at Station 113+10 to being skewed 9 degrees from perpendicular at
Station 113+60. The proposed one ocontract construction of the embankment was
changed to atage construction to allow an evaluation of the foundation
oconditions and any required changes in the embankment vesign to be
accomplished prior to the embankment constructior. Changes in design prior to
oconstruction include the following.

(1) Babankment section. The upstream and downstrems embankment
toes were sdjusted inwaru to provide a 1.4 safety factor for the partial pool
and steady seepage cases. The reduced safety factor was believed to be appro-
priate based on the conclusion the Quivira underclay was not ocontinuous or
extensive. The resulting revised embankment sections are shown on plates 65.
66 and 67. The change in location of the toes varies from 90 feet to 140
feet,

(2) Pervious, A change in the pervious was made on the basis of
eccnomy. A significant cost savings was made by using 50 foot wide pervious
stringers in the valley section in lieu of the continuous blanket. The
inclined pervious slope was also changed to 1 on 1 instead of 1 on 0.5 to
conserve pervious,

(3) BRiprap. 4n evaluation of the riprap design determined that
the necessity for carrying riprap above Elevation 921.0 was marginal. Using
stockpiled rock from required excavation in the lower portions of the
embankment inatead of riprap provided a significant savings. Riprap would
alao be placed on the top 10 feet of the embankment. The revised slope
protection is shown on plate 16.

(4) Grout ourtain, A change in the design of the grout curtain
as shown in the embanikment IM was made during the preparation of the Stage I
plans and specifications. The grout curtain across the valley floor (Station
79450 through Station 106+50) was eliminated. Exploratory borings and
pressure testing indicated the bedrock strata are sufficiently impermeable,
and that a grout curtain is not required to prevent adverse seepage through
bedrock wunderlying the valley cutoff trench.

(5) Clay blanket. 4An upstream 3 foot thick (CH) clay blanket was
oconstructed to Range 1000 upstream on the right abutment. The blanket prevents
seepage through an exposed (see plates 4 and 5) geologic section from the
Raytown limestone to the Drum limestone. The blanket did not withstand the
wave action and surface runoff, and repair and protection was required before
initial rilling. The blanketed area was protected by placing filter fabric
over the blanket followed by 15-inch riprap over the fabric. Protection does
not extend below Elevation 898.
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CHAPTER 5

FOUNDATION AND EMBANKMENT DESIGN

S-01. Foundation Investigationa,

a. Inveatigations Prior o Copstruction. Geological investigations
of the damsite included field reconnaissance, review of geologic literature,
analysis of air photos, survey of water wells, review of gas and oil well log-
sand exploratory drilling. Two hundred and ninety borings were made at the
damsite. Fifty-five were bedrock core borings, thirteen were combination
undisturbed and core borings, and forty-four were drive borings. Sixty-four
drive or auger borings were made in the borrow areas. Twenty-seven bedrock
borings were hydraulically pressure tested. Nearly all the borings tested
tight but one boring, C~-81 accepted 16.7 gpm in the weathered upper two feet
of the Chanute shale. Bedrock cores were 1-7/8, 2-1/8 and 6-inch dismeter and
overburden borings ranged from 3 to §-inch diameter. Ninsteen piezometers
were installed in the flood plain to obtain information on water level
fluctuations.

b. Investigations During Construyction, During excavation of the
cutoff trench, the contractor drilled several air tract holes into exposed
bedrock on both abutments to determine depth and extent of joints and
weathering in the Raytown limestone. Several exploratory NX core holes were
drilled horizontally into the sloping faces of the Raytown limestone. They
were pressure tested and grouted during Stage I and Stage II conatruction.
Government drill crews drilled 135 drive holes, 12 auger holes, 9 NX core
holes, one combination drive and core hole and 10 teat pits.

5-02. Embaokment Foundation.

a. Right Abutment (Statiop 6+00 to Station 79+00), --The right
abutment extends almost 1.4 miles across a gentle slope. Overburden thiockness
ranges from 5 to 25 feet, consisting primarily of reajidual fat clay with a
lesser amount of lean clay and minor amounts of sandy and silty clays. Water
contents range from 14 to 31 percent. Liquid limits as high as the low
seventies are common. Bedrock units immediately underlying the overburden are
as follows by approximate stationing: Lane shale from Station 6+00 to 42400,
Raytown limestons from Station 32+00 to 63+00, Paocla limestons froam sta. 63+00
to 74+00, and the Chanute Shale from Station TA+00 to 79+00. The thin Muncie
Creek Shale, less than 0.5 feet thick, lies stratigraphically between the
Raytown and Paola limestonss and contacts the overburden for an
insignificant horizontal distance at Station 63+00. Overburden~shale ocontacts
are in general, transitional. Weathering in the form of staining extends as
much as 10 feet into shales and sandstone but depth to firm rock is generally
within 5 feet of the shale surfaces and slightly lesa in sandstons. In
limestome, weathering in the form of partially clay-filled and open bedding
planes and joints extends to a depth of 7 feet and occasiomally deeper. VWhere
the limestonss are extremely weathered, oobbles, boulders, pinnscles and
"float" rock have developed to a thickneas of 3 to N feet. Raytown and Paola
limestones and a sandstone phase of the Chanute Shale crop out along the Big
Bull Creek valley wall just upstream of the damsite, with the Drum limestons
appearing farther upstream. These bedrock strata, except the Drua limestons,
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are also exposed along Scott Branch as it flows roughly parallel to the dam
axis 1,000 to 2,000 feet upstream. The location and elevation of these
outorops, all below flood pool elevation, dictate the grout curtain limits in
the right abutment.

b, ~=-The valley overburden

consists of alluvium from 22 to 30 feet thick, Lean and fat clays pre-
dominate, although up to 3 feet of clayey gravelly sand commonly overlies the
bedrock surface. Water contents of the clay generally range in the twenties
and low thirties, while the water content of the basal gravelly sand material
range from 15 to 45 percent. Liquid limits of the fat clay range up to 63.
Borings and cutoff trench excavation indicate that the bedrock surface
underlying the valley alluvium is comparatively level with a gentle increase
in apparent dip toward the left abutment. With one exception, (UC-51) bedrock
borings encountered weathered Drum limestone underlying the alluvium in the
valley embankment area. At baring UC-51, located about 250 feet upstream of
sta. 80400, the Quivira Shale forms the bedrock surface. Weathering in much
of the Drum limestons has opened closely spaced (0.2 foot) wavy shale partings
and vertioal joints in the valley while the bedrock joints in the abutments
remain tight and indistinct. In some instances the weathering has extended
through the 4 3 foot thick Drum limestone into the top of the Quivira Shale,
A thin coal seam or very carbomaceous shale (0.5 &+ foot thick) with
associated shale underolay occurs within the upper 4 feet of the Quivira
shale. This soft shale underclay has ocoasiomsl very soft partings and bands,
Direct shear (3) tests indicate that the aoft shale is weak. It is concluded
that the "weak"™ zone is probably not continuous or extensive based on detailed
evaluation during the excavation of the cutoff trench,

o. laft ==Overburden in
the left abutment 1s residual soil except for the alluvium in the lower
portion adjacent to Littls Bull Creek. Thickness of the overburden ranges
from 7 to 28 feet and oonsists primarily of lean and fat clays. Two to 3 feet
of alayey sand commonly ooocurs directly overlying the bedrock surface when
this sur’ace 11 the Chanute shale, Water oontents of the overburden range
from 19 to 41 peroent. Liquid limits of the overburden are generally below
60. Pudrock units immediately underlying the overburden are as follows along
with approximate stationing: Chanute shale from ata. 106400 to 111+70, Paola
liwrstons from Station 111470 to 112420, Raytown limestone from Station 112420
to 116400, and the Lane shale from Station 116400 to 121+80. The thin Muncie
Cr,ek shale, lesa than 0.5 foot thiock, will contact the overburden for an
irsigaificent horisontal distance at approximste Station 112+20., Weathering
11 limsstons, shales and sandstomes 1is as described for the right abutment in
| aragraph 5-02.a.

5-03. laparatary Tests., Semples taken from the foundation and the
borrow areas were tested in the laboratary to establish soil parsmeters
Recessary for the design of the embankment, In general, diasturbed samples
obtained from the borrow areas wers used for remolded testing and samples
taken from the foundation were used for undisturbed testing. Identification
and classification tests were run routinely on jar samples from both areas.
During construction, record oontrol ssmples were tested to determine the
actusl characteristics of the in-place £ill, The laboratory tests were
:u-rm in general sccordance with EM 1110-2-1906, "Laboratory Soils

esting. ®
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a, Remolded Tests, Based on the results of the classification tests
on jar samples, composites were made from sacks of similar material.
Remolded, direct shear "S*, and triaxial unconsolidated-undrained, "Q", and
consolidated-undrained, "R", tests were performed on these composites.
Standard compactions were conducted prior to the strength tests to obtain the
moisture content versus dry density relatioaships, The results froms these
compaction tests are presented on Plate 46. The test specimens were recon-
stituted by kneading compaction to dry densities of 95 percent of maximum and
at moisture ocontents ranging from 2.8 percent below optimum to 4.8 percent
above optisum. Specimens were tested immediately so as not to allow a
thixotropic strength gain.

(1) Remolded Triaxial Compression Tests, The remolded triaxial
test specimens were constructed by kneading eight 1ifts of soil into a split
mold and scarifying between each 1ift. Nominal specimen dimensions were
1.4 inch diameter by 3 inch height. Both "Q" and "R" tests were performed at
confining pressures ranging froam 0.5 to 4,0 t.s.f. The points on the Mohr
ocircles used to define the strength envelopes were the stresses on a 60 degree
plane at failure, Failure was assumed to occur at 15 percent strain if the
deviator stress had not peaked beforehand., A summary of the remolded triaxial
*Q" and "R tests is presented on Plate 47,

(2) Remplded Direct Shear "S" Tests, The direct shear specimens
were made by kneading the material into a 3.0 or 3.5 inch square box to a
thickness of 0.5 inch. A summary of test resulta used in Design Memorandum
No. 7 is presented on Plate 46. During construction, additional remolded
direct shear tests were performed on borrow area material. The results of
these additiomal tests supported the original strength envelope. The
compaction tests that accompany these additional shear tests are shown on
Plate 77, and the actual shear test results are on Plates 78 and 79.

b. Undisturbed Jests, Undisturbed samples (discussed in para-
graph 5-01.a.) from both the foundation overburden and the bedrock were tested
in the laboratary. All test specimens were hand trimmed in a humidity
controlled room to minimize disturbance and moisture loss,

(1) PFoundatiop Overburdep. The foundation overburden samples

were used for consolidation, direct shear, and triaxial "Q" and "R™ tests.

(a) Triaxial tests. Triaxial test specimens were generally
tested in sets of 3, each at a different confining pressure. They were
trimmed so that all three specimens were from the same layer, Specimen
dimensions were 1.4 inch diameter by 3-inch height. The points on the -
Mohr Circle with normal stresses of g?’-"i and shearing stresses of —‘z—i
were used to define the strength envelope, Summaries of foundation over-

burden strengths are presented on Plates S0 and 51.

(b) Direct Shear "S* Teats. The direct shear teat specimens
were trimmed into 3.5 inch square shear boxes to a height of 0.5 inch. Some
of the teats were performed on a direct shear machine capable of shearing the
specimen, then reversing the direction of shear 180 degrees, and shearing the
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specimen again without releasing the normal load in the process. In order to
obtain the stiength at large strain, this procedure was repeated with no
reduction in shear strength occurred from additional shearing. A summary of
foundation overburden ®S® strengths is presented on Plate 49.

(2) Foundation Shales. Only "S* strengths were used for shales
in the design. Both the Chanute shale and the Quivira shale were tested for
shear strength along the bedding planes and across the bedding planes. The
results of these shear tests performed for Design Memorandum No. 7 are
presented on Plate 57. It was felt that additional testing was required to
support the design strengths used for the shale underclays, so additional
direct shear and "R" tests were performed and presented in two supplements to
Design Memorandum No. 7. The summary of test results from the first
supplement i1s shown on Plate 57. and the summary from the second supplement
(Supplement A) is shown on Plate 58. Although these additional tests resulted
in decreasing the residual strength for the Chanute shale. they indicated peak
strengths for the Quivira shale to be significantly higher than those used in
Design Memorandum No. 7. For design calculations the original "S" strength
was used even though the additional tests showed it to be very conservative.
For stability analyses performed for this report, it was believed that a
revised strength emvelope drawn such that one-third of the test results were
below it and two-thirds were above it was more appropriate.

c. JRecord Copntrol Tests, Record control samples taken during
construction were used for determining the in place shear strength of the
fill, Triaxial "Q®, "R¥ and *R" and direct shear tests were performed on
these samplea.

(1) Iriaxjal "Q" Tests, The "Q" test specimens were trimmed
froa record conirol samples in pairs; one was tested at a confining pressure
of 3.0 t.a.f. and the other at 6.0 t.s.f. Although the specimens were not
100 percent saturated, the strength envelopes were chosen with tan £ =
For the saturated condition, the point on the Mohr circle corresponding to
the stresses on the failure plane coincides with the point of intersection
with a line drawn tangent to the circles. This is the point that was used in
defining the strength envelope. It haa a normal stress value of -
and a shearing stress value of 1—-'2—4 . A summary of record control "Q"
test results is shown on Plates 80 and 81. and the indvidual test results are
shown on Plates 88 through 103.

(2) Iriaxial "R* Tests. The record control "R" test specimens
were generally tested in pairs with one consolidated at 3.0 t.s.f and the
other at 6.0 t.s.f. The Design Memorandum No. 7 constructed the Strength
envelope through the points oorreaponding to a normal stress of "T“
and a shearing stress of —-2-1 for undisturbed "R" tests, A summary of
record control "R" test results prepared in this manner is presented on Plates
82 and 83. This method of constructing the envelope appears to be
inconsistent with the way it is used for slope stability calculations. It is
felt that a more appropriate method is to plot the point of shear strength at
failure on the plane of failure, against the effective normal consolidation
stress on the failure plane. A summary of test results prepared in this
manner is shown on Plates 84 and 85, and the individual tests are presented on
Plates 104 through 119,
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(3) Iriaxial "R® and Direct Shear Tests. Four "R" tests were
rn on record control samples. These N tests yielded nearly the same results
as a drained direct shear test by considering the effective stresses on a 60
degrees failure plane. A summary of "S® strengths from both drained direct
shear and triaxial "R" is shown on Plates 86 and 87, and the individual "R"
and direct shear tests are shown on Plates 120 through 136.

e. Identification of Dispersive Clpws, After construction, two aress
of the spillway were sampled because they exnibited dispersive behavior.
Three types of tests commonly used to identify dispersive clays were performed
on these samples. The tests included the lab dispersion, pinhole erosion, and
chemical pore water analysis ($ Na.). These tests indicated that one area was
dispersive while the other was not. The test results are presented on Plates
1514 and 151B.

5-04. Embankment, For purpose of embankment design, the dam was divided
into six reaches because of the various foundation conditions that exist
across the valley. Embankment sectiors are shown on Plates 13 and 14.

a. Upper Right Abutment (Station 6+10 to Station 60+00), The height
of the embankment in this reach varies from 0 to 21 feet. The relatively flat
1 on 6 slopes were designed for aesthetic reasons rather than slope stability.
The embankment with seeded slopes requirea little maintenance and blends in
with the natural surroundings. This portion of the embankment is not zoned, it
is conatructed of compacted clay and shale from the spillway excavation.

Water will be against the upstream slope only at very infrequent intervals
{once in excess of 50 years), and then only for a few days at a time. The
embankment with seeded slopes requires little maintenance and blends in with
the natural surroundings. An inspection trench extends from Station 6+10 to
Station 43+75 under the embankment. A cutoff trench to the lower shale seam
of the Raytown limestone exists from Station 43475 to Station 56+55.5. The
Raytown limestone on the downstream side of the cutoff trench was covered with
a filter material and a pervious blanket. The 1 on 6 slopes tramsition Lo 1
on 4 slopes from Station 56400 to Station 60+00. Downstream pervious blanket
begins at Station 59400 with the pervious extending all the way to the toe
between Station 59400 and Station 60+00. Riprap slope protection on the
upstream slope starts at Station 56+00.

b. Lower Right Abutment (Station 60+00 to Station 81+00), The height
of the embaniment varies from 21 feet to 100 feet in this reach. It includes
the Big Bull Creek channel where closure was made. The embankment
transitions from Station 60+00 to Station 64+00 where the upstream slope is 1
on 3 from the top of dam to Elevation 928.2 and 1 on 10 to the ground surface.
The downstresm slope 1s 1 on 3 from top of dam to elevation 925.8 and 1 on 12
to the ground surface. From Station 73+00 to Station 81400 the upstream 1 on
10 slope extends to Elevation 900.2 and continues on a 1 on 4 slope to the
ground surface. The downstream 1 on 12 slope extends to elevation 900.7 and
continues on a 1 on 4 to the ground surface from Station 73400 to Station
87+00. The primary design consideration in this reach was the Quivira shale
underclay. The absence of Drum limestone over a portion of this reach
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reduced slope atability and required a larger section than elsewhere. Design
of this section was based on the conclusion that the "weak" zone in the
Quivira shale underclay was not ocontinuous. Thia section was designed to
provide a factor of safety of 1.4 for the steady seepage and partial pool
slope stability cases.

o. Ma'n Vallev (Station 81+00 to Station 96+30), The height of the
embankment in tuls reach is approximately 75 feet. This reach contains the
Stage I embankment (See Plate 6 for limits of Stage I embankment) constructed
from cutoff trench and outlet works excavation. The Stage I embankment was
constructed prior to the completion of design of the rest of the embankment.
The upstream slope is 1 on 3 from top of dam to Elevation 928.2, a 1 on 10 to
Elevation 916.2, a 20 foot flat section at Elevation 916.2 from range 2+07 to
range 2+27, 1 on 10 to Elevation 892.2, and 1 on 4 to the ground aurface. The
flat section was the result of inadvertentiy specifying that the Stage I
embankment be constructed to the grade line of the top of the riprap rather
than the bottom of the riprap. The Stage I embankment was overbuilt by two
feet, the thickness of the slope protection, requiring & 20 foot flat section
in the 1 on 10 slope. The downstream slope is 1 on 3 from top of dam to
Elevation 925.8, 1 or 12 to Elevation 905.7, and 1 on 4 to the ground surface.
The Quivira shale which was underclay was the primary design consideration in
this reach. The Stage I embankment was designed assuming there was a low
strength zone in the Quivira Shale continuous across the valley. The
conclusion tha: this was not the case was made after the Stage I embankment
was conatructed. Therefore, the upstream toe of this reach extends further
upstream than the redesigned sections where the toes were adjusted inward.

d. Little Bull Area (Station 96+30 to Station 111+470), The height of
the embankment in this reach is approximately 75 feet. The upstream slope is
1 on 3 from top of dam to Elevation 928.2, 1 on 10 to Elevation 905.2, and 1
on & to the ground surface. The downstream slope 18 1 on 3 to Elevation
925.8, 1 on 12 to Elevation 905.7, and 1 on 4 to ground surface. The founda-
tion overburden Q" and "R® strengths are lower in this reach than in the main
valley. Also a zone of fat clay with a slightly lower "S" strength, which is
present in the main valley, is not present in the Little Bull aresa. The
differences proved to be of little consequence in the deaign of the section.
The lower "Q" strengths resulted in a construction halt at Elevation 927.

e. Conduit Seation (Station 111+70 to 11%+70). The conduit, stilling
basin, and intake structure are founded on Chanute shale. The upstream slope
ia 1 on 3 from top of dam to Elevation 928.2, 1 on 8 to Elevation 898.2, and 1
on § to the ground surface. The downstream slope Is 1 on 3 from top of dam to
elevation 925.8, 1 on 8 to the service road, 1 on 3 to Elevation 881, and 1 on
2 to the ground surface. The steeper embankment sections in the conduit are
posaible because an all impervious and pervious section is used and the
Quivira Shale lies below a much more competent Drum limestone and part of the
Chanute Shale. The Chanute Shale contains calcareous sjiltatone and sandstone
and tests indicate a high croasbed shear strength. The width of the conduit
section and transition zone is 300 feet. The outlet works are not
perpendicular to the dam axis therefore the conduit section and transitions
are at different lcoations upstream and downstream. The primary deaign
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consideration in this reach was the Chanute shale underclay. Because of the
large difference between the peak and residual values for the "S* strength not
all factors of safety were above 1.0 using residual strengths. The stability
was considered adequate because design strengths were conservatively picked
and an analysis based on residual strengths is inherently conservative.

) f. Left Abutment (Station 113+70¢ fo Station 120+35). The height of
the embankment in this reach varies from 67 feet to O feet. The upstream
slope i3 1 on 3 from top of dam to elevation 928.2, 1 on 8 to elevation 898.2,
and 1 on 4 to the ground surface. The downstream slope is 1 on 3 from top of
dam to elevation 929.0, 1 on 8 to the service road, and 1 on 3 to the ground
surface, Between Station 114470 and 115470 the impervious section transitions
into a zoned section with a random and berm zone. The upper breakpoint was
raised and the slopes steepened to accomodate foundation conditions that are
somewhat different in this reach.

5-05. Zoning, The zoning of the embankment was selected to make
maximum use of materials from required excavations and to minimize the need
for material from commercial sources, and to satisfy the requirements for
stability and seepage control.

a. Impervious., A central impervious zone is used across the valley.
This zone is larger than necessary to control through seepage and is so sized
because impervious material is readily available. Impervious consisted of CL
and CH overburden material as based on the Unified Soil Classification System
in accordance with Waterways Experiment Station Technical Memorandum 3-357.
Inpervious upatream of the dam axis contains less than 5 percent gravel.
Shale material was not permitted for impervious. Compaction requirements were
at least 95 percent of maximum dry density as determined by the standard
effort compaction test described in EM 1110-2-1906, Placement moisture
contents were limited to a range of 3 percent above optimum to 2 percent below
optimum,

b. Rervious. An inclined drain downstream of the impervious core and
a horizontal blanket with stringers extending to the downstream toe were
designed to intercept seepage through the embankment and control seepage as it
exits the downstream portion of the embankment. The downstream blanket
extends from Station 59+00 to Station 120+30 and is continuous to Range 1+00
downstream. Stringers 50 feet wide and 3 feet thick extend to the toe at
Stations 90400, 95400, 100+00, and 105+00. The blanket is continuous on the
left abutment from Station 111+70 to Station 120+30. The blanket is
continuous on the right abutment from Station 59+00 to the top of the left
stream bank of Big Bull Creek extending to the centerline of the existing
gully or downstream toe. There is also a pervious drain on the downstream
side of the cutoff trench which is buried from Station §4+82 to Station 75+00
on the right abutment and from Station 116+00 to Station 118+88 on the left
abutment. From Station 75+00 to Station 116+00 the inclined drain in the
cutoff trench is brought up to the pervious blanket. The inclined drains have
a minimum horizontal thickness of 6 feet and the blanket has a minimum
thickness of 3 feet. A one foot thick crushed stone filter was placed between
the pervious drain in the cutoff trench and the face of the Drum Limestone and
Iola Formation where joints up to 1/2 inch width existed. Compaction
requirement was a minimum relative density of TO percent.
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c. Jandom. Random zones were provided for use of sandy or gravelly
materia.s, Random material consists of overburden material, except OH, Pt,
MH, and OL. Materials with liquid limit above 60 were not allowed in the
randoam zobe. Also shale materials were not permitted. Compaction and
moisture control were the same as impervious.

d. Berma, Berms consist of shale and other material fror required
excavation which was unsuitable or in excess of the requirements for
impervious and random. The outer portion of the upstream berm was constructed
with CH material.

5-06. Seepage Control, By using embankment zoning, a outoff trench, and
a grout curtain, through seepage and underseepage will be controlled to
prevent excessive water loss and to insure the safety of the embankment.

a. Ihrough Seepage. Through seepage will be controlled by the
combination of the impervious core and pervious drain. The impervious core
will keep the quantity of through seepage small. The pervious drain will
intercept any seepage that exits from the downstream face of the impervious
core. This will insure that the phreatic line will remain well within the
embankment and will not adversely affect the stability of the downstream
slope.

b. linderseepage. Underseepage will be controlled by a cutoff trench
across the valley. The cutoff trench was excavated through the Drum limestone
across the valley. Pressure teated borings into the bedrock strata below the
cutoff trench substantiate the strata are sufficiently impervious to prevent
adverse seepage through the bedrock underlying the cutoff trench. The bedrock
in the valley is overlain by 15 feet or more of clay for more than a mile up
and downstream of the dam axis. An inclined pervious zone exists on the
downstream side of the cutoff trench to intercept any underseepage and to act
as a filter to prevent piping of the impervious material.

c. Abutment Seepage. Seepage through the abutments will be
controlled by the curtain grouting and the upstream clay blanket on the right
abutment. The cutoff trench was excavated into sound bedrock from Station
43+75 to Station 79+50. The cutoff trench extends to Station 121+00 on the
left abutment. Some seepage through the abutments is possible, however such
seepage will not adversely affect the safety of the project because any flow
would have lengthy seepage paths through rock formations.

d. Grouting. Grouting verified that bedrock units are tightly
Jointed and relatively impermeable. Out of 500 holes drilled in the right
abutment, grout was injected into 12 holes, Most of the grout was injected
into a sandstone lense in the Chanute shale. In the left abutment grout was
injected in 11 of 202 holes drilled. Most of the grout was injected into the
limestones. Approximately 280 sacks of grout were injected into bedrock.

5-07. Selectad Design Strengths. In selecting design values, streas
strain compatibility, the relationship of maximum shear strength to ultimate
shear strength, the mumber of teats, the nature of the material, and the
location of the material with reapect to potential failure surfaces, were all
considered.
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a. Adopted Foundation Strensth,

{1) Foupdation Overburden, The foundation overburden was divided
into different reaches, and in the main valley the overburden was divided by
layers of lean and fat clay.

(a) "Q® strength. For the abutments, a design "Q" shear
strength of C = 0,90 t.s.f., tan § = 0 was used, For the main valley, a
design "Q" shear strength of C = 0,20 t.s.f., tan # = 0.20 was used for norsal
atresses up to 3 t.s.f., and C = 0,80 t.a,f., tan 9 = 0 for normal stresses
above that, For the Little Bull area, a design "Q" shear strength of C = 0.1
t.s.f., tan 2 = 0.10 was used for normal stresses up to 3 t.s.f., and C = 0.40
t.s.f., tan ¢ = 0 for normal stresses above that. Foundation "Q" strengths
are summarized on Plate 50.

(b) "R" strength. For the abutments and main valley, a
design "R™ strength of C = 0.3 t.s.f., tan @ = 0.20 was used. For the Little
Bull area, a design "R" strength of C = 0,1 t.s.f,, tan @ = 0.2 was used.
Foundation "R" strengths are summarized on Plate 51,

(c) "S* strength. For the abutments, a design "S* shear
strength of C = 0, tan # = 0.35 was used, For lean clays in the valley, a
design "S" shear strength of C = 0, tan @ = 0.45 was used. And for fat clays
in the valley, C = 0, tan § = 0.35 was used, Residual "S*" strengths of C = O,
tan § = 0.25, 0.30, and 0.25 were also used for these respective cases,
Fovrdation "S" strengths are summarized on Plate 149,

(d) Residual strengths. Although "residual®” (large strain)
"S* shear strengths based on test results for the foundation clays were used
in the stability studies in DM 7, an examination of the safety factors and
corresponding failure planes show the Quivira underclay to be the dominant
factor, The critical failure planes are in each case along the Quivira and
only cross through the foundation clays., Since the foundation clays are
alluvial deposits they have been basically deposited horizontally. The
residual "S" shear tests on these materials were conducted along a horizontal
orientation also. As in the case of sedimentary rocks the horizontal shear
strength 1s . wnerally less than the "gross bed"™ shear strength., It is
reasonable to assume this would be valid for the subject foundation clays
also. Therefore, on the basis of orientation and the shorth length of the
oritical failure planes in the foundation clays the peak shear strengths in DM
7 were used in the atability studies with residual strengths for the Quivira
shale,

(2) Foundation shales, The shear strengths used for the Quivira
shale in the original design were a peak strength of ten # = 0.21 and a
residual strength of tan @ = 0.13. These strengths were based on the results
of drained direct shear tests performed during the preparation of the
embankment Design Memorandum. Limited test data were available as a basis for
these design strengths, but it was believed that these were the only tests
representative of a possible weak or soft zone in the Quivira Shale underclay.
In later testing performed from samples obtained during exploratory work at
the time the cutoff trench was excavated, only one test with a peak atrength
of tan § = 0,20 approached the original peak design strength. All other test
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results were significantly higher. The test data summary is presented on
plates 57 and 58. After extensive exploration and testing failed to
substantiate a contimious low strength zone in the Quivira Shale underclay a
very conservative peak strength of tan # = 0.21 was not changed, instead,
redesign of the embankment used a reduced safety faotor requirement. The
testing of the Quivira shale had been directed at detsrmining the strength of
the suspected soft zons in the underclay, thus only the softer, worst oase,
samples were tested. Since the zone 1s discontimuous the residual shear
strength conditions should not exist. Because of the discontimuity of the
soft zone and the fact that the test program produced conservative strength
values a design strength for analyses conducted for this report was selected
such that two-thirds of the test values exceed the design value. The selected
strength value was tan § = 0.37,

b, Adopted Embankment Strepgths, The strengths of the impervious,
random, and pervious were assumed to be the same during design. The higher
strength of the pervious zone was ignored to simplify stability analysis. A
design "Q" strength of C = 0.70 t.s.f., tan # = 0.0; & design "R" strength of
C = 0.20 t.s.f., tan §=0.18; a design "S® strength of C = 0, tan @ = 0.45 was
used. The "Q®™ and "R™ strengths correspond to the strength envelopes through
points on the Mohr cirole representing stresses on the failure plane. Record
control testing during construction indicated the design strengths were
conservative, The design strengths were obtained from testing remolded test
specimens from the borrow areas. The prepared specimens were compacted to
95 percent which was the minimum condition allowed in the field. Material
compacted to higher dry densities and dry of optimum, representing the actual
field condition, should have higher strengths, A summary of the record
control test data is presented in the following table.
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TABLE 2
s

Record Control Teats
HILLSDALE R.C. TESTS

Qv . '-Rn(& u&;:) nggggﬁ) ugn

r

-
Material otaf tand o.tef tan @ o taf tan P o taf tan @
Rt. Abut
Impervious Zone 1.45 0.00 0.65 0.24 0,62 0.20 0.00 O0.46
Rt. Abut.
Random Zone 1.43 0.00 0.66 0.22 0.58 0.20 0.0 0.46
Main Valley
Impervious Zone 1.32 0.00 0.85 0.22 0.76 0.20 0.00 0.48
Main Valley
Random Zone 1.00 0.00 0.4% 0.32 0.35 0.26 0.00 0.4
Little Bull
Imparvious Zone 1.32 0.00 0.49 0.29 0.41 0.2% 0.00 0.51
Little Bull

. Random Zone 1.33 0.00 0.5 0.28 0.4 0.24 0.00 O.47
Conduit
Impervious Zone 1.30 0.00 0.39 0.33 0.3% 0.27 0.00 0.52
Left Abut.
Impervious Zone 1.30 0.00 ©0.73 0.31 0.64 0.25 0.00 0.47
Left Abut.
Random Zone 1.08 0.00 0.76 oO0.%2 0.5 0.33 0.00 0.57

The consolidated-undrained test data are presented showing strengths
representing the envelope drawn tangent to the Mohr circles and strengths
representing the shear strength at failure on the failure plane versus the
effective normal consolidation stress on the failure plane. The latter
strength envelope is more appropriate in stability analysis as a relationship
: between shear strength and effective normal or consolidation stress the
R failure plane prior to undrained shear.

¢. Adopted Design Strengtha. The following table presents the
physical soil properties used in reevaluating the stability of the embankment.
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TABLE 3
PHYSICAL SOIL PARAMETERS
Unit Welght (pof) Ll "R* s
Material Saturated Drained ¢ (tsf) Tan# ¢ (tsf) tan @ ¢ (tsf) Lan @
Lower Right Abutment (Station 81+00)
Berm 115 110 0.10 0.10 0.10 0.20 0.00 0.35
0.40 0.00
Random 125 120 1.43 0.00 0.66 0.22 0.00 0.46
Impervious 125 120 1.45 0.00 0.65 0.24 0.00 0.46
Foundation Clay 115 110 0.20 0.20 0.30 0.20 0.00 0.45
0.80 0.00
Quivira Shale 140 - - - - - 0.00 #0.21

Main Valley (Station 90+00)

Berm 115 10 0.10 0.10 0.10 0.20 0.00 0.3%
0.40 0.00

Random 12% 120 1.00 0.00 0,44 0.32 0.00 0.46

Impervious 125 120 1.32 0.00 0.85 0.22 0.00 0.48

Foundation Clay, CH 115 110 0.20 0.20 0.30 0.20 0.00 .35
0.80 0.00

Foundation Clay, CL 115 110 0.20 0.20 0.30 0.20 0.00 0.45
0.80 0.00

Drum Limestone 165 - - - - - 0.00 0.70

Quvira Shale 140 ~ - - - - 0.00 %0.21

Little Bull Area (Station 104400)

Berm 115 110 0.10 0.10 0.10 0.20 0.00 0.35
0.40 0.40

Random 125 120 1.33 0.00 0.55 0.28 0.00 0.47

Impervious 12% 120 1.32 0.00 0.h49 0.29 0.00 0.51

Foundation Clay, CL. 115 110 0.10 0.10 0.10 0.20 0.00 0.4%
0.40 0.00

Drum Limestone 165 - - - - - 0.00 0.70

Quivira Shale 140 - - - - - 0.00 *0.21

#Quivira shale strength revised to C = 0.00 taf and tan @ = 0.37 which
represents an envelope through the lower one-third of the record control
test results.

5~08. Stability Analysis. The The stability amalysis of the original
enbaniment design is presented in Design Memorandum No. 7, Soil Data and
Enbankment Design, Appendix B. The analysis was performed with a computer
program compatible with the wedge method of analysis presented in EM 1110-2-
1902 with two exceptions, The slope of the "side™ force was assumed to be
constant throughout the active wedge, and the angle of the failure plane was
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assumed to be the same for each material in the active wedge. The analytical
cases used in design were the end of construction condition for the upstream
and downstream slopes, sudden drawdown and partial pool conditions for the
upstream slope, and steady seepage condition for the downstream slope,
EBarthquake safety factors were checked for the partial pool, steady seepage
and construction cases.

a. Desigpn Assumotions, The higher strengths of the pervious zone and
the cutoff trench were not used in the analysis. These are conservative and
simplifying assumptions. For the end of construction case it had been assumed
consolidation during construction was negligible and the line of saturation
was at the ground surface. For the partial pool cases it was assumed the line
of saturation to be horizontal at the pool elevation, considered. For the
steady seepage case it was assumed the lake elevation to be at the spillway
crest which is conservative in that this is the maximum pool that can be stored.
For steady seepage at maximum surcharge pool, no additional saturation was
assumed., Vertical equipotential lines were assumed. Sudden drawdown cases
assumed the embankment was saturated to the upper pool limit and the pool was
lowered to multipurpose pool instantaneously with no drainage of pore water.

b. Embankment Stability. The embankment was analyzed at various
locations representing differing foundation conditions existing at the site.
The stability analyses for the lower right abutment, main valley, Little Bull
area, outlet works section, and left abutment are summarized on plates 59 to
63. Revised conduit location and conduit embankment section required a
reanalysis of the outlet works section (plate 6%). The designed embankment
was based on the assumption that a "weak"™ zone or seam in the Quivira
underclay was continuous across the entire valley. Since the continuity of
seam was uncertain it was decided to retain the original design with the
provisions to redesign the embankment after an evaluation of the Quivira
underclay.

(1) Embankment redesign., Based on the extensive number of

explorations and laboratory shear tests it was concluded that the "weak®™ rone
in the Quivira underclay was not continuous or extensive. However, rather
than discount the presence of this weak layer by choosing a higher design
strength, it was believed to be more appropriate to use a very conservative
peak strength and require a reduced safety factor, The embankment section was
revised to provide an approximate safety factor of 1.4 for the steady seepage
and partial pool cases, Although the safety factors for the end of
construction, earthquake, and rapid drawdown cases were checked, the resulting
safety factors did not influence the revised embankment. Normally a minimum
1.0 safety factor for the earthquake case is considered desirable. However,
in view of recent developments in earthquake engineering which indicate the
pseudo-static method of determining earthquake safety factors does not
adequately take into account soil dynamic strength. However, the design
strength safety factors around 1.0 for the earthquake case, are adequate since
none of the materials are potentially liquefiable., Considering the
improbability of residual shear conditions for a rapid drawdown case, those
safety factors were not considered significant for the revised embankment
section, Three embankment stations were selected for stability analyses:
Staton 81400, 91400, and 104400, (See plates 65, 66 and 67 for details.) The
revised section safety factors shown in color on the above plates are as
follows:
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TABLE 4

Design Memorandum Stability Studies
M Supplement

Peak Streangth Residual Strength
Station 81400 Safety Fagtor _ Safety Factor
End of construction 1.72 me——
Rapid drawdown from
spillway crest 1.21 —————
Partial pool 1.4 1.10
Steady seepage 1.39 1.00
Earthquake 1.05 —————
Station 90400
End of construction 1.68 0 me==e-
Steady seepage 1.40 1.02
Earthquake 1.00 —~————

Note: Upstream embankment was constructed in Stage I, therefore, upstream
safety factors apply as shown in the original DM 7.

Station 104+00
Construction halt Elev. 930.2 1.39 ————
Rapid drawdown from spillway
crest 1.2¢ seses
Partial pool 1.44 1.13
Steady seepage 1.39 1.02
Earthquake 1.00 —————

(2) Stability reevaluation. For this report, the embankment
stability was reevaluted basei on as built conditions. Stability analyses
during design assumed excess pore pressure from construction had dissipated in
the embankment and foundation shales for the partial pool and steady seepage
cases. Actual instrumentation data indicates the upstream overburden is
saturated with a piezometric surface that reflects the pool elevation. Excess
pore pressures have not dissipated either in the impervious zone nor in the
Quivira shale, The embankment was analyzed for the steady seepage and partial
pool cases using present construction induced pore pressure levels,

(a) Method of analysis, The computer program used for
design does not facilitate the analysis of uplift forces in the foundation. A
comput er program, SSTAB1~BR. developed for the Bureau of Reclamations by
Stephen G. Wright, University of Texas, Austin. was used because it can
analyze a nonciroular failure surface with a phreatic surface in the
enbankment and pore water pressures in the foundation. SSTAB1~-BR uses
Spencer's procedure to calculate the safety factor for specified noneircular
slip surfacea, It is a special solution of the Morgenstern and Price method
in which all the interslice side forces are assumed to have the same
inclination. The program satisfies all sonditions of equilibrium. The two
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unknown parameters, F, (the safety factor) and theta, 8, (the side force
inclination) are varied simultaneously. By iteration, a convergent solution
is found with the net force and moment imbalance leas than specified values.
The method does not compute the same safety factor as the wedge analysis
preacribed in M 1110-2-1902. The side forces are inclined throughout the
failure block using Spencer's procedure, while only the earth force in the
active wedge is inclined in the wedge analysis. A hand wedge analysis using
the inclined side forces from SSTAB1-BR for the steady seepage case at station
81400 resulted in a safety factor of 1.62. A hand study using the B
prescribed wedge method resulted in a safety factor that was 0.2 less than
Spencer's safety factor.

(b) Safety factors. The embankment sections considered in
the redesign analyses were evaluated for the partial pool. rapid drawdown and
steady seepage cases. Increased embankment strengths based on record control
test results were used with the design foundation strengths. Quivira shale
strength was C=0. tan #=0.21. The reevaluated safety factors are shown in the
following table.

TABLE 5

Svability Studies Using Embankment Strengths frop
Record Control Tests And Design Foundation Strengths

DM Supplement

Safety Factor Saf ety Factor

Case — {Required) {From Studies)
Rapid Drawdown
(from Spillway Crest) 1.2 1.39
Rapid Drawdown
(from Maximum Surcharge) 1.0 1.30
Partial Pool
(Sta. 81+00) 1.4 1.54

Steady Seepage
(Sta. 81+00) 1.4 1.13

Steady Seepage
(Sta. 90+00) 1.4 1.1%

Steady Seepage
(Sta. 104+00) 1.4 1.15

The rapid drawdown and partial pool cases indicated higher safety factors.
The st eady seepage cases showed lower factors of safety. The factors of
safety obtained were considered very conservative because the foundation
strengths were obtained to reflect the fact that the soft zone in the Quivira
shale is continuous. Therefore, the Quivira shale strength was revised to
represent an envelope where two-thirds of the test values exceeded the
envelope. The revised foundation strength (tan $=z0.37) resulted in the
following factors of safety.
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TABLE 6

Stability Studies Usine Embankment Strengtbs Frob
Record Contro) Tests And Révised Foundation Strengihbs

Safety Factor Safety Factor

Case —{(Required) (From Studies)
Rapid Drawdown
{(from Spillway Crest) 1.2 2.00
Rapid Drawdown
(from Maximum Surcharge) 1.0 1.90
Partial Pool
(Sta. 81+00) 1.5 2.17
Steady Seepage
(Sta. 81400 1.5 1.63
Steady Seepage
(Sta. 90+00) 1.5 1.64
Steady Seepage
(Sta. 104+00) 1.5 1.69

The most critical case was steady seepage at Station 81400, This section
ocours in the closure area where the excess pore pressures from construction
are the highest, The calculated factor of safety is above the required 1.5
and will continue to increase as the pressures in shale continue to dissipate,
This oritical case was evaluated by a hand wedge analysis that yielded a
safety factor of 1.62.

5-09. Settlement, Settlement analyses, based on condolidation tests,
were run on the foundation overburden, The maximum total settlement in the
valley was anticipated to be 1.5 feet, Settlement analyses of the embankment
were not performed because experience indicates there will be very little
consolidation of the embankment after construction. Settlement plates were
installed in the foundation overburden to monitor foundation settlement during
and after construction. Crest settlement momments were also installed on the
crest of the dam to measure post construction settlement, The settlement
plates show a maximum of 1.4 feet of settlement with over a foot occurring
during construction. The crest settlement momuments indicate uniform
settlement of less than 0,2 feet,

5-10. Slope Protection. Requirements for upstream slope protection were
investigated for three separate segments of the dam. Fetohes for each segment
were deterained in accordance with the radial fetch method as desoribed in
Technical Memorandum No 132, Wave heights were selected in accordance with
Technical Manual No, 132. Overland wind velocities were determined from a
wind analysis of records for Topeka, Kansas over a 23 year period. A
50 m.p.h. wind velooity was used to size the stome protection at mul tipurpose
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pool to reduce some of the inherent risks in the area of frequent pool levels.
*"The Criteria for Riprap Wave Protection in Missouri River Division,® dated
June 1974, were generally used for riprap slope protection design. Riprap
design data is shown on Plate 17.
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CHAPTER 6

. CONSTRUCTION HISTORY

6-01. Genersl., The Hillsdale embankment was built under three contracts
supervised by the Kansas City District, Corps of Engineers. The Contractor
for the Stage I contract was J. A. Tobin Construction Company, Kansas City,
Kansas, Cutoff trench, outlet works channel and diversion channel were
excavated and part of the embankment was constructed under this contract.
Stage I work started in April 1976 and was completed in December 1977. The
Stage II Contractor was Southwest Construction Corporation, Oklahoma City,
Oklahoma, work was initiated in June 1977 and completed in May 1980. The
outlet works were constructed under the Stage II Contract. The embankment was
completed under the Stage III Contract, work began in July 1978 with the
completion of the embankment in July 1982,

6-02. Modificgtions, The following modifications were made to the

contracts,
TABLE 7
Modifications
Stage I
, Modificatiop No, Subject
PO0O001 Pervious and Filter Material Changes
P00002 Time Extension Due to Weather Delays
PO0003 Time Extension Due %o Weather Delays
PO000X Time Extension Due to Weather Delays
PO000S Time Extension Due to Weather Delays
PO0006 Unit Price of Cutoff Trench Cleanup
Class I,
Stage II
Modifioation No, Subject
PO0001 Excavation for Pier
PO0002 Time Extension Due to Ironmworkers
Stike and Westher Delays
N PO0003 Bubbler System
) PO0004 Handrails and Kickplates for
Intake Tower
P00005 Electrical Work and Lightening
¥ Protection
’ P00006 Time Extension Due to Weather Delays
PO0007 Eleotrical Work
; P0O0008 Time Extension Due to Weather Delays
% P00009 Test Holes in Conduit Monolith
X Nos, 2 and 3
I €
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POCO10
P0O0011

PO0012
P00013

P0O0014
P00015

P00016
P00017
P00018
P00019

P00020
P00021

P00022

P00001
P00002
PO0003

PO000OA
P0000S

P00006

PO0007
P00008

P00009
P00010

PO0011
P00012
P00013

P00014

A DY I
TABLE 7 (continued)
Stage II (continued)
Subject

Stage

V=-6-2

Time Extension Due to Weather Delays
Hydraulic Pipe Support Brackets,
Valves, and Pulley Assembly for
Emergency Gate

Emergency Gate Crane Bumper Plates
Administrative Change of Contractors
Address

Time Extension Due to Weather Delays
Emergency Gate Storage Bracket and
Lifting Beam Ring

Administrative Change of Payment
Office

Additional Conduit Roof Form

Time Extension Due to Weather
Administrative Change of Contractors
Address

Suspension of Work on the Tower
Administrative Change of Contractors
Address

Constructive Welding Changes

III
Subject

Well - Plugging

Lightening Protection Work

Grouting Spring at Outlet Works,

Sta. 55450

Castle Dimensions on PYLON DETAIL
Culvert Length of Outlet Works

Road 2, Sta. 1465

Crest Elevation of the Upstream
Cofferdam

Time Extension Due to Weather Delays
Deletion of Requirement to Obliterate
South Acoess Road

Well - Plugging, Well No, 5 and 10
Construction of Upstream Rock Service
Road

Service Bridge Abutment Fill

Deletion of Required Timber Clearing
Culvert for South Access Road,

Sta., 101400

Time Extension due to Weather Delays
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TABLE 7 (continued)

Stage III (continued)

Modification No, Subject

POOO15 Wash Checks in Ditch of North Access
Road, Concrete Ditch Liner for Toe
Service Road, and Earth Cover Over
Pervious Wick.

P00016 Stoplogs, Apertures, Trash Racks,
and Lifting Beam Remedial Work

PO0017 Administrative Change of Payment
Office

PO0018 Guardrails for Toe Service Road

P00019 Electrical Work

P00020 Time Extension Due to Weather Delays

P00021 Extension of South Access Road
Bituminous Surfacing

P0QO22 Bituminous Tack Coat

P00023 Pavement Markings for the South

Access Road, Dam Road, and North
Access Road

PO0024 Additional Costs due to Non-
availability of Work Areas and
Delay of Diversion

P00025 Crushed Stone Base Course Quanities

Modifications significant to the performance on construction of the embankment
are discussed below.

a. Modification P00001, This change to the Stage I contract was

necessary to insure adequate seepage control in the areas where the Chanute
and Lane shales existed in the cutoff and to insure adequate seepage control
in the areas where the jointed structures of the Drum and Raytown limestones
existed in the cutoff trench., This change consisted of the following:

(1) Pervious fill was placed against the Raytown limestone in the
left abutment area.

(2) From approximately Station 106+40 to 112430, the bottom of the
catoff was widened and pervious was placed against the downstream side of the
trench. The pervious formed a drain extending to the ground surface.

(3) Prom approximately Station 71490 to 79+15, the bottom of the
cutoff trench was widened and pervious was placed against the downstream side
of the trench. The pervious formed a drain extending to the ground surface,
but not above Elevation 900.0 in the area where none was encountered.

(4) From Station 44+50 to 71490, pervious was placed to a height

of two feet above the top of bedrock on the downstream slope of the cutoff
trench.
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(5) From approximate Station 79+00 to 106+50, a one foot
horizontal width of crushed stone filter material was placed against the Drum
limestone on the downstream side of the cutoff trench.

(6) A one foot horizontal width of crushed stone filter material
was placed between the Raytown limestone and the pervious drain where open
joints exceeded one-fourth inch in width.

b. Modification P00006, This change to the Stage III contract
required the elevation of the upstream cofferdam to be raised from Elevation
895.0 to 906.0. The change was made as a result of additional hydrologic
studies indicating inadequate overtopping protection.

c. Modification PO0010., This modification to the Stage III contract
provided an upstream service road on the embankment for access to observation
devices and access to the upstream slope for repair of potential wave damage.

d. Modifjcation P00015, This modification to the Stage III contract

required a 1-foot cover over the pervious drain in the closure area during the
1980-1981 winter shutdown to prevent contamination of the pervious material.
The earth cover was compacted and shaped to drain away from the drain. The
cover was removed and the pervious material was cleaned with to top lift being
recompacted the following spring.

6-03. Cutoff trench,

a. [JExcavation, Cutoff trench excavation was characterized as
overburden, Class I, or Class II rock. The Contractor was required to
determine the suitability for usage in the embankment at the time of
excavation with unsuitable material to be placed in diversion dikes or channel
fill stockpiles. The cutoff trench excavation was maintained in the dry
during excavation, cleanup, grouting, and backfilling. Blasting operations
and methods of ripping were controlled so that the gradations of the materials
were suitable for use in the embankment, Slopes, 1 on 1 or steeper, in
bedrock were presplit or sawed, the Quivira shale in the cutoff trench was
required to be sawed. The approximate limits of the cutoff trench were shown
on the construction drawings with the actual limits determined from the
condition of the bedrock.

(1) Cutoff trepch in limestone formations., Within the cutoff

trench on each abutment, the upper surface of the Iola and Drum were
completely exposed prior to removal of any portion of the formation. Rock
excavation was completed prior to construction of the grout curtain.

(2) gCutoff trench in shale formations, Excavation was continued
to a depth necessary to remove all desiccated, deteriorated, fractured, and
weathered rock that was determined to be unsatisfactory. Equipment used in
the material was mounted on rubber tires to prevent damage to the final
bedrock surface. Excavation of shale was a continuous operation to the final
depth except where grouting on shale surface (station 106 to station 115)
resulted in 3 to 5 feet of ~chanute shale being excavated after grouting.
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Within 23 hours after exposure, final bedrock surfaces were cleaned,

inapected and backfilled with a minimum of 12 incues of embankment material.
During the period of exposure, bedrock surfaces were sprayed with water as
needed to prevent drying. Within 48 hours after exposure three feet of
embankment material was required to be pPlaced, The length of the reach of the
trench that was allowed to be open was restricted to the length that could be
excavated, cleaned, inspected, and embankment placed as required.

b, Cutoff trench cleanup, Cleanup of the bedrock surface was
performed on the floor and where directed on the bedrock portion of the
sideslopes, Cleanup consisted of removing unsound, fractured or loose rock,
and other objectionable material. Cleanup was accomplished by barring,
picking, brooming, and when directed, by use of air-water jetting. All
overhangs, cavities or large joints, and irregularities in the bedrock were
cut back, excavated, and backfilled with pervious or filled concrete,

Grouting, Preliminary investigations prior to construction
1ndicated that a single line grout curtain was needed in both abutments.
Grouting was performed from the floor of the cutoff trench on bedrock. Grout
holes were drilled with a pneumatic rotary drill using 2 1/2 inch diameter
non~-coring bits, All holes were drilled, washed, pressure tested, and grouted
in stages from the top down. Primary holes were drilled on 20-foot centers
with secondary holes midway between and tertiary holes midway between the
primary and secondary holes, The holes were inclined landward 30 degrees and
45 degrees from vertical. Some holes were drilled parallel to the dam axis,
some were directed upstream 45 degrees and some 65 degrees, The grout
consisted of 3 cubic feet of water and 1 cubic foot of cement, Grouting
verified that bedrock units in the abutments are tightly jointed and
relatively impermeable, OJut of 500 holes drilled in the right abutment, grout
was injected into 12 holes, Most of the grout was injected irto a sandstone
lense in the Chanute shale, Approximately 260 sacks of grout were injected,
mostly in four of the 12 holes, In the left abutment out of 202 holes
drilled, 19.4 sacks of grout were injected into 11 holes., Most of the grout
was injected into the limestones, A total of approximately 280 sacks of grout
were injected into bedrock and 1,205 sacks were used for backfill, GCrout hole
drilling totalled 22,699 lineal feet., A grouting summary is shown in Table 8,

TABLE 8
Summary of Grouting

Linea. Feet Sacks of Grout

Left Abutpment Drilled injected
75 Primary Holes 2,473 11.0
74 Secondary Holes 2,250 8.4
_53 Tertiary Holes 1,232 0
202 TOTAL 5,955 19.4
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TABLE 8 (continued)

Lineal Feet Sacks of Grout

Right Abutment Drilled = JInjected
168 Primary Holes 5,732 148.7
166 Secondary Holes 5.590 105.13
166 Tertiary Holes 5,377 6.0
500 TOTAL 16,699 259.83

BACKFILL: - 1,205 Sacks

279.23 Sacks =~ = 0.0123 Sacks Per Foot of Hole
22,699 Lineal Feet

Right Abutment Grout Curtain Extension
Statdon 77+00 to Statjon 79+40

+
13 Primary Holes 499 0.8
12 Secondary Holes 455 0
_1 Tertiary Hole 50 0
26 TOTAL 1,004 0.8
Conduit G R
6 Primary Horizontal Holes
at station 59+62.5 150 27
4 Primary Radial Holes
__ at station 60+00 96 _0
10 TOTAL 246 27

d. Changes as a Result of Construction Experience. 4 reach of the
grout curtain, Station 76+00 to Station 79+45 was deleted from the Stage I
contract because a large detached block of sandstone was discovered in the
right abutment area. Because blasting was required to remove the block,
grouting of this reach was deferred to the Stage III contract. Evaluation of
the foundation, during Stage I particularly the Quivira shale and Raytown
limestone, as a result of the construction of the cutoff trench lead to
redesign of the embankment and modifications to the cutoff trench and previous
drain,

6-04. Qutlet Works, The outlet works as described in paragraph 2-04 was
constructed under the Stage II contract with excavation initiated in August
1977. The entire outlet works are founded on the Chanute shale, Special
surfaces and bearing surfaces, surfaces with slopes 1 on 1 or steeper which
concrete was placed against, were excavated to leave the surfaces as nearly
undisturbed as possible. Materials outside the excavation lines and grades
indicated on the drawings was replaced with fill concrete, Excavation of the
last 2 feet for special surfaces was performed immediately prior to placing
concrete. Approach and outlet channel profile and sections and conduit
grouting details are shown on Plate 22. Progress of construction under the
Stage II contract fell behind resulting in acheduling problems during Stage
III.
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6~05. [Embaniment Conatruction, The embankment was constructed under the
Stage I and Stage III contracts from materials obtained from required
excavation and supplemented from upstream borrow. All suitable materials
obtained from required excavation were used in the embankment. Unsuitable
materials excavated in order to obtain suitable borrow material were used in
channel fill, diversion dike or wasted back into the valley borrow areas.

a., Foundation Treatment. Prior to placement of fill the foundation
was cleared of depressions by flattening the slopes of the depressions and
filling them with compacted layers of material appropriate for the embankment
zone in which they were located. Existing wells in overburden were back-
filled with impervious material and wells in bedrock were grouted. Earth
foundation areas were thoroughly stripped and loosened by plowing or discing
to a depth of 8 inches, Roots and other debris uncovered in the process of
loosening were removed and then the foundation was compacted with a rubber-
tired roller or other heavy loaded rubber-tired equipment. When fill was
constructed against an existing earth slope it was processed through the loose
or dried material on the surface so that the existing material and the new
fill was bonded together.

b. _Embankment Materials.

(1) Impervious material consists of CL and CH (liquid 1imit not
more than 60) overburden material as based on the Unified Soil Classification
System in accordance with Waterways Experiment Station Technical Memorandum 3-
357. Impervious material placed upstream of the dam axis contains less than §
percent gravel. There is no shale material in the impervious material.
Impervious in the conduit area consists of CL material only. There were no
liquid limit restrictions on the impervious dike section on the right
abutment,

(2) Pervious was Kansas River sand obtainea from approved
commercial sources. The material was required to be clean free-draining,
durable, natural sand within the following gradation ranges as determined by
washing over the specified sieves.

Sieve size Percent by weight passing
No. 4 90-100
No. 16 55-85
No. 50 5-20
No. 200 0-5

(3) Random consists of overburden material. except OH. Pt, MH.
and OL, from required excavation., Shale material was not allowed in the
random zone. Materials with liquid limit above 60 were not used in the random
zones except the outer 5 feet of the upstream slope below Elevation 942.2
which was required to be CH material with no restrictions on liquid limit,

(4) Berm material consists of shale and other material from

required excavation which was unsuitable or in excess of the requirements for
impervious and random.
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(5) Clay blanket consists of CH material obtained from required
excavation and supplemented with CH material from borrow.

c. Placement, Fill was not placed on any part of the embankment
foundation until the area had been inspected and approved. All embaniment
material, except material for the diversion dike and channel fill was placed
and compacted in the dry. No frozen material was allowed to be placed in the
embankment. Fill was not allowed to be placed on or above frozen material.
Water was not allowed to pond on the embankment and the surface was maintained
so that construction equipment was able to travel on the embankment. The top
surface of the fill within any zone was maintained approximately horizontal,
except as otherwise approved. The differential in height of fill at the
contact between adjacent zones of the embankment was limited to 3 feet.

During construction, the embankment was sloped with grades not steeper than 5
percent and not less than 2 percent to facilitate surface drainage. Compacted
fill adjacent to the pervious was maintained so that the compacted pervious
fill was not below the adjacent support fill. Immediately after compaction of
the pervious additional pervious fill was palced to maintain the uncompacted
f£ill above the adjacent fill. Materials disturbed after compaction were
reprocessed and recompacted. Materials were distributed throughout the
embankment so that the fill was free of lenses, pockets, streaks, and layers
of amterial differing substantially in texture or gradation from the
surrounding material of the specified type. The travel distance of hauling
equipment across the surface prepared for material placement was kept to a
minimum. Successive loads of material was dumped at locations on the fill as
directed or approved by the Contracting Officer. Material was spread in
approximately horizontal layers. In zones where materials were adjacent to
zones of significantly coarser materials, the coarse materials were
sufficiently well graded to provide filter action so the fine material would
not infiltrate into the voids of the coarse material. In general material was
distributed in the impervious zone so that the more impervious materials were
placed upstream of the axis of the dam. The more gravelly clays and less
impermeable materials were placed downstream of the axis of the dam. In
general, the more impermeable of the random material was placed adjacent to
the impervious zone and the more permeable random was placed in the outer
portion of the random fill. Whenever the surface of any layer developed
ridges, or bridged, or became to smooth to bond properly with the succeeding
layer it was loosened by scarifying before the next lift was placed. When a
rubber-tired roller was used each lift surface was scarified prior to
placement of the next lift. Before any layer was roller, it was process~” by
disking to the depth of the uncompacted layer thickness. When the surfa .
became unduly wet or dry, it was processed and rerolled. Frozen fill was
disked and properly recompacted before additional material was placed. This
same procedure was used then the surface had cracked due to drying, had
softened due to an increase in surface moisture content, and when tying into a
previously built portion of the embankment, When the work was stopped on an
area, it was smooth-bladed and sealed with either rubber-tired or smooth-wheel
rollers to prevent absorption of rainfall and to facilitate drainage.

d. Compaction, The embankment was constructed to the following

minimum compaction criteria. A procedure specification was used to meet these
criteria.
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TABLE 9
‘ Compaction Criteria
Material Criteria

Impervious fill 95 percent maximum dry density
(standard effort)

Random fill 95 percent maximum dry density
(standard effort)

Pervious fill T0 percent relative density

Berm fill Compaction by rubber-tired roller

Compaction equipment, layer thickness, and aumber of passes for the various
materials were specified with additional passes required as directed to obtain
the desired compaction., A complete pass consisted of complete coverage of the
area to be compacted with each trip of the roller overlapping the adjacent
trip by not less than 2 foot. The specified compaction requirements are as

follows:
TABLE 10
Compaction Procedure
‘ Type of rill and Maximum uncompacted Minimum number
compaction eguipment lift thickness (inches) ——of passes
Plate vibratory compactor 6 As required to
obtain specified
relative density
Vibratory rollers 12 3
#
Tamping roller 8 6
Tamping roller 8 6
Rubber-tired roller 12 3
Rubber-tired roller 24 2
% DRiversion dike 2y Traffic compacted
5,
V-6=-9




TABLE 10 (continued)

Type of fill and Maximum uncompacted Minimum number
compaction equipment ~ Llift thickness (inches) . of passes
Power tamper 3 As required to pro-

vide compaction
equivalent to adja-
cent embankment

material
Channel, waste, and area fills No. max. None required
Rock £ill 36 None required

#When placec over a rock foundation, the 1ift thickness shall be 6 inches and
compaction shall be i(wo passes with a rubber-tired roller until the
impervious zone reaches 18 inches thickness over the rock foundation. If
the rubber-tired roller causes breakage of shale foundation, the ballast
shall be lessened or the use of other rollers may be used as approved by
the Contracting Off'icer.

The following list of equipment used during the construction of the embankment
includes the compaction equipment.

TABLE 11
Equipment Used for Epbanikment Construction
Make Model Equipment Number  General use
Hercules WSX83-60120  Sheepsfoot Roller,
40,000 1b. 2 Soil compaction
Gebhard #22 Sheepsfoot roller,
48,000 1b. 1 Soil compaction
Hyster 4554 Self propelled sheeps-
foot roller, 49,000 lb. 1 Soil compaction
Ferguson Rt-100S Pneumatic roller,
100,000 1b. 2 Soil compaction
Raygo 320A Vibratory roller,
14, 340 1b. 1 Pervious fill
compaction
Raygo 410A Vibratory roller,
21,400 1b. 1 Pervious fill
compaction
V-6-10
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TABLE 11 (continued)

p
€
b
L2
)

Ground
Pounder

Caterpillar

(Various)

Euclid

Holland

Grade-All

657B & 631

B-70

1100

Hand operated
compactor, 200 1b,

Crane operated drop
hammer

Scrapers

Rear dump haulers

Bottor dump haulers,
40 cu yd

Mobile telt loaders

Water trucks

Gradall

14

17

Make Model Equipment Number  Geperal use
Mikasa Sanlya  MVC-300G Hand operated vibrator, 1 Pervious fill
500 1b. compaction

Pervious fill
compaction

Backfill
compaction
adjacent to
structure

Borrow material
excavation and
haul

Borrow material
haul

Borrow material
haul

Borrow material
excavation

Saturating
pervious fill

Cutoff trench
excavation &
riprap
rlacement

Additional equipment used include motor graders, bulldozers, bucket loaders,
backhoes, dragline, and disks.

The Raygo 320A vibratory roller did not meet the specifications for weight,
drum diameter, or drum width, however it was approved based on test data
verifying the desired density could be obtained with this roller, Bedrock

irregularities in the foundation and bedrock slopes under compacted impervious

fi11l and adjacent to concrete structures required special compaction
technigues to insure compaction was equivalent to adjacent embankment
material., Compaction of the backfill along the conduit was obtained by air
operated "powder puffs," a crane operated drophammer and wheel rolling with a
rubber-tired loader.

below optimum for the impervious and random material.

The upper limit of moisture content was 3
percent above the optumum moisture content and the lower limit was 2 percent

Material placed on the

embankment with a moisture content exceeding 3 percent above optimum was
spread and permitted to dry, assisted by disking as necessary, until the
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moisture content was uniform and reduced to within the limits. Material
placed with a moisture content less than 2 percent below optimum was sprinkled
on the £ill and worked with disks until the moisture content was within the
required limits. Water applied to the fill was controlled so that free wa@er
would not appear on the surface during or subsequent to rolling. The pervious
material was required to be wetted as necessary to facilitate compaction,
Pervious material was maintained essentially saturated during compaction,
Moisture content was controlled to the extent required to facilitate movement
of compaction equipment.

f. Constructjon Control Procedyres. The quality of the construction

was controlled through a contractor quality control program and the
government's quality control program and the government's guality assurance
sampling and testing procedures.

(1) Quality Control. The contractor established a quality
control system to maintain quality of his work as well as that of his )
subcontractors and to maintain compliance with the plans and specifications.

(2) Quality Assurance, Control tests were conducted by the
government to verify the quality of the embankment, Testing was performed in

accordance with Engineering Manual EM 1110-2~1906, Laboratory Soils Testing,
and Hillsdale Lake specifications, anc Hillsdale Lake field and laboratory
testing manuals,

(a) Imepervious and Random Fill. The most important control
feature for the impervious and random fill was the moisture content range.
This range was specified to have an upper limit of 3 percent above optimum and
a lower limit of 2 percent below optimum. Materials placed at a moisture
contents within this range and using the specified lift thickness and number
of passes should have dry densities not less than 95 percent of maximum.
During Stage I and Stage III construction over 1600 sand cone density tests
were performed to insure that this criteria was being met, Plate 75 shows the
moisture content results from these field tests by showing plots of Deviation
From Optimum Moisture Content vs. Number of Tests, Material which did not
have moisture contents within the specified range or did not have dry
densities of at least 95 percent of maximum, were generally reworked. Maximum
dry density and optimum moisture content were determined by the standard
compaction test. Prior to and during construction, a large number of 5 point
compaction curves were established. To determine the compaction curve
apy licable to a particular field test, a one point compaction test run on the
material at a moisture content slightly below optimum. Most of these field
tests included a liquid limit, and occasionally a plastic limit determination.
In addition to the field density tests, 211 record control samples were taken,
These samples were sent to the MRD Laboratory for more extensive testing to
check the physical properties assumed for design. Results from both the field
control tests and the record control tests are presented in plates 70 through
151.

(b) Berm Fill. The only moisture content control for the
berm fill was the ability of the roller to travel on it. No record control
tests and a very limited number of field density tests were taken on this fill
materjal.
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(c) Pervious Fill., The compaction criteria for the pervious
fill wvas based on a relative density of 70 percent. The field density tests
consisted of both the sand cone method and the nuclear method. Along with
each field density test a mechanical analysis was performed to insure that the
gradation fell within the range specified.

(d) Dndisturbed Sasples, Samples wers obtained for record
control testing. Sampling procedure involved excavating down to a pervious
1ift leaving a smooth surface, and pushing a 6-inch diameter cylinder into the
compacted material. Undisturbed samples of the embaniment were also obtained
using the S-inch Shelby tube sampler.

6~06. Spillway, The spillway was excavated as shown on Plate 15,
Excavation was accomplished by scrapers and dragline with the excavated
material placed in dike section on the upper right abutment. Subsequent to
completion of oconstruction erosion of the spillway side slopes indicated the
possibility of dispersive clay in the spillway subsequent laboratory conformed
the dispersive clay. Evidence of the disperaive clay in the dike section
cannot be found. The spillway was excavated into the Lane shale where
moisture content required excavation by dragline and some of this material was
Placed in upstream berms section.

6~07. Diverajon and Cloasure, The diversion channel as shown on Plate 7
was exoavated during Stage I to divert Little Bull Creek to Big Bull Creek.
The embaniment was constructed to a minimum elevation of 913 prior to
diversion. Final diversion through the outlet works followed the following
sequence of events, RExcavation of approach and outlet chamnels, except
channel blooks were completed and riprap was placed in the outlet channel.

The upstremm and downstream channel blocks in the outlet works channel were
removed, with the upstream plug removed last. A construction haul road across
Big Bull Creek was used for the diversin dike., Poundation preparation
included much excavation, stream bank excavation and cleanup of bedrock in the
closure area, Stream banks were excavated to 1 on 3 slopes concurrently with
placement of channel fill upstream of cofferdam. Upstream cofferdam was
oonstruoted to Elevation 906.0 and downstresm cofferdam to Elevation 873.
Excavation, cleanup and grouting was completed. Closure was made in

15 June 1980.
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CHAPTER 7

INSTRUMENTATION

7-01. Geperal. Fmbankment instrumentation was installed during
construction to provide movement measurements, pore water pressure
measurements both in the foundation and embankment, and groundwater levels for
use in evaluating the performance of the dam. The Contractor was responsible
for the installation of some of the devices and some were installed by the
government, Six types of observation devices were installed in the
embankment: open tube piezometer devices, air-operated piezometer devices
(pressure cells), inclinometers, foundation settlement devices, alinement
mopuments, and crest settlement monuments. Construction sequence, topography.
and geology were considered in locating each device. Plate 152 shows the
location of each device. One line of piezometers was located in the closure
area, a second line across the main valley area, and a line in the Little
Bull Creek channel area. Additional piezometers are located in the abutments.

7-02. Piezometers.

a. Alr-operated Piezometers, There are 14 air-operated piezometers
installed, 1 in the embankment, 6 in the overburden, and 7 in the foundation.
Generally, the air cells indicate the upstream overburden is saturated, and
the Drum limestone is fairly open allowing water to reach the Quivira shale
with little headloss. The foundation air operated piezometers are located in
the upper portion of the Quivira shale directly below the Drum limestone and
they show a fairly rapid response to pool fluctuations,

b. OQpen Tube Piezometers, There are 52 open tube piszometers and
4 foundation settlement gages with open tube piezometers isntalled, 12 in the
embankment, 13 in the overburden (including settlement gage piezometers),
and 31 in the foundation.

c. Performance, It is suspected that the fluctuation with the pool
of the upstream piezometers in the Quivira is a result of influence from
seepage through the limestone layer overlying the shale. This is supported by
the fact the upstream piezometric levels of piezometers whose tips are located
deeper in the Quivira do not respond as quickly or as high as those closer to
the limestone. The piezometers in the Quivira downstream of the dam axis do
not fluctuate with the pool. Piezometers in the Quivira shale under the
embankment indicate excess pore water pressure is still present from
construction, however, it is dissipating. Plezometers in the Drum limestone
in the valley indicate the Drum is open jointed and the cutoff trench is
functioning with upstream devices response to pool changes. The Drum appears
to be much tighter in the abutments than in the valleys, with pore water
pressure build up during construction and little or no dissipation.

Piezometer data agrees with observations made during construction, the Drum
was weathered and upon jointed in the cutoff trench across the valley and
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tightly jointed and relatively impermeable in the abutments. The Westerville
limestone which underlies the Quivira shale also appears to be relatively
impervious showing pore water pressure buildup during construction with slow
dissipation. All of the piezometers in the embankment are located in the
impervious zone, and they generally show a continued dissipation of
construction pore pressure with the highest pressures in the bottom of the
cutoff trench. Piezometer data 1s presented on Plates 193 through 260,
Details of observation devices are shown on Plate 153.

7-03. Inclinometers., Eleven inclinometers are installed in the
embankment to provide a means of measuring horizontal movements at differenet
depths within the foundation and embankment. The locations of these devices
are shown on Plate 153 with individual plots of movement on Plates 261 through
271. Inclinometer data shows movement up to 3 inches with most of it
occurring during the first year. Generally readings are fluctuating
indicating movement has stopped.

T-04. There are four foundation
settlement plates located in the foundation overburden. Actual settlement
agrees with the predicted settlement of 1.5 feet. Plates 193 through 196
show settlement data with the maximum total settlement 1.43 feet and the rate
of settlement decreasing. Most of the settlement occurred during
construction.

7-05. Alinement Mopuments, Four lines of alinement mcnuments provide

horizontal and vertical movement measurements. Alinement data is presented on
Plates 156 through 192. Alinement monument lines A, B, and C indicate a
decreasing rate of settlement. The settlement is predomipately in the closure
area on lines A, B, C. Line D is submerged. The maximum total vertical
movement is 0.251 feet of settlement on line A. The largest total horizonta!
movement is 2.63 centimeters.

7-06. Crest Settlement Monumepnts., Nine crest settlement monuments
indicate uniform settlement. The maximum settlement is 0,135 feet in the
closure area. The centerline profile surveyed at 100-foot intervals shows
close agreement with the crest settlement monuments indicating uniform
settlement,
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Downstream Slope of Cutoff Treach.
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4. Sand Cone Density Test in Pervious Fill.
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Placing Reinforcement for Conduit.

Constructing Conduit.
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Bottom-Dump Haulers.
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Embankment Criteria and Performance Report

10. Self-Propelled Sheepsfoot Roller.
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Rear~-bump Haulér Transporting
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Vibratory Roller Compacting Pervious Fill.
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14,

HILLSDALE

Embankment Criteria and Performance Report

Spreading Pervious Blanket.

Watering Pervious Material.
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16. Protection for Instrumentation During Construction.
(Foundation Settlement Devise on Left and Piezometer on Right).
.
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Embankment Criteria and Performance Report
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HILLSDALE

Embankment Criteria and Performance Report

19, Placing Riprap on the Upstream Slope Near Left Abutment.

Twelve Inch Riprap in Place.
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Embankment Criteria and Performance Report

Intake Tower.
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Embankment Criteria and Performance Report

Cofferdam.

Fill Placement in the Closure Area.

Placing Limestone and Shale on Upstream Slope of the
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26, Station 94+00. Downstream Slope. .
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